Contamination of surface waters with heavy metals causes concern due to their toxicity, resistance to degradation and adverse effects on human health and aquatic biota. On the other hand, the search for uses and applications of agroindustrial waste has become a priority in the environmental agenda, due to the large volumes generated. Thus, adsorption is presented as an alternative to using these wastes in the treatment of water contaminated with metal ions. The objective of this work was the study of the use and characterisation of adsorbents of an agroindustrial source (palm bagasse) and by-products of the process of obtaining starch (yam and plantain), for its use in the removal of Cr (VI) and Ni (II) ions in a batch system. The adsorption tests were carried out at an initial concentration of 100 ppm ions at 200 rpm using 1 g of material in 100 mL of solution. The adsorbents were characterised by Fourier Transform Infrared Spectroscopy, Scanning Electron Microscopy, micro-elemental analysis, physicochemical analysis and surface area measurement by Brunauer-Emmett-Teller analysis. From the results, it is established that the palm bagasse has a pore volume twice higher than the other biomaterials. It was determined by the adsorption results, for Cr (VI), were superior in all materials to those obtained for Ni (II). The three agroindustrial residues studied presented high percentages of adsorption efficiency, above 70%, with palm bagasse standing out with an adsorption efficiency of 92%; Therefore, the use of these three biomasses is recommended to treat water contaminated with Cr (VI).
INTRODUCTION
Water is a natural resource of great importance for living beings. The humans perform daily activities that require the constant use of this resource. The cities, industry and agriculture are the most consumers [1] . However, within the industrial sector, some companies discharge untreated wastewater into open water sources, reducing its quality, due to their pollutants, among which the heavy metals come out, the Ni and Cr cationes, characterized by having a molecular weight greater than 23, damaging plant and animal life and compromising human life itself because of their toxicity to biota, due to the fact that they are not degraded [2, 3, 4] .
A number of technologies for the removal of inorganic and organic contaminants from aqueous solutions have been developed over the years, including adsorption [5] , process by which matter is extracted from one phase and concentrated on the surface of another. The substance that is concentrated on the surface is called "adsorbate" and the phase on which the "adsorbent" process takes place; in this process there must be affinity of the adsorbent for the adsorbates, in order for the latter to be transported to the solid, where they will be retained [6] .
Thus, the adsorption technique has been highly used for the removal of contaminants such as heavy metals. Although the presence of these does not cause immediate danger in the population, it can lead to a sustained, irreversible or broader damage to the environment [7] . Various residual biomass have been used in the removal of Chromium and Nickel, such as: cane bagasse [8] , seaweed Sargassum sp., Padina sp., Ulva sp., and Gracillaria sp. [9] , Caryota urens [10] , peanut shells [11] , bean shells [12, 13] , bilingual seeds [14] , Fumaria indica [15] , rice husk [16] , coconut flour copra [17] , lotus seeds [18] , among others, due to its availability and low cost. The physical and chemical characteristics of the adsorbents used in this process are considered essential.
In Colombia, state policies support the expansion of agribusiness, and the development of more processing plants using plantain, yam starch, among others, appear to be an attractive alternative. The purpose of this investigation was to look for potential use to the residual by-product of the starch extraction process. On the other hand, plants installed and that are producing African palm oil are generating large volumes of waste, for which studies are being conducted that seek the use of the residual fibre of this plant. Thus, the aim of this work was the use of byproducts from the process of obtaining yam and plantain starch, as well as palm bagasse as Cr (VI) and Ni (II) adsorbents in a batch system. The adsorbents are characterised by FTIR, SEM, EDS, BET and physicochemical analysis.
METHODOLOGY

Preparation of Biomaterials
The Yam and plantain were collected in the rural area of the department of Bolivar (Colombia), geographic coordinates 10°24′N 75°30′O. The materials were washed, peeled and grated. A 0.25% NaOH solution was added to the grated material obtained from each material and placed at 5ºC for 18 hours, then they were liquefied and filtered by separating the starch from the residual cake of said process. The pH was adjusted to 7 with 2M HCl, to be removed by a new filtration. These materials were dried in an oven at 313.15 K for 14400 s and exposed to solar radiation for 8 hours to complete their drying [19] . The bagasse was obtained as a product of rejection of the process of extraction of palm oil in an extracting plant of the Department of Bolivar (Colombia), it was subjected to three washes to remove the largest amount of oil retained in the fibre and then dried. The classification of the particle sizes for all biomasses was made through sieves of 0.001 and 0.0005 m. This work was done during the year 2018.
Characterization Techniques and Adsorption Tests
The materials were characterized by three types of analysis: Fourier Transform Infrared Spectroscopy (FTIR) was carried out to identify the functional groups in the bio-adsorbents. Scanning Electron Microscopy (SEM) was performed on a JEOL JSM-6490 LV Microscope to identify the elemental composition of these samples. The TAPPI T 222 om-83, TAPPI T 203 os-74 chemical composition analyses were also carried out to determine lignin, cellulose and hemicellulose respectively. Also, the Brunauer-Emmett-Teller (BET) analysis was done to know the physical characteristics of the adsorbents. For the adsorption tests, standard solutions of Cr (VI) and Ni (II) were prepared at 1000 ppm each. For Cr (VI), potassium dichromate (K2Cr2O7) was used as the base reagent, for Ni (II) nickel sulfate (NiSO4) was used as the base reagent. The adsorption tests were carried out using 0.0001 m 3 of each solution at 313.15 K, 200 rpm for 24 hours. The pH was adjusted at 2 and 6 for Cr (VI) and Ni (II) solutions, respectively. The concentration data were determined with UV-VIS spectrophotometry for Cr (VI) ions and with atomic absorption spectrophotometry for Ni (II) ions. The removal efficiency (%) was determined using the Equation 1, according to Wu et al. [20] .
(1)
Where
is the initial concentration of the ion in the adsorbent (Kg/m 3 ); and is the final concentration of the ion in solution (Kg/m 3 ). Figure 1 shows the FTIR for the residual cake of plantain starch (RCPS) before and after the adsorption processes of Cr (VI) and Ni (II). The peak observed between the wavelengths of 3000 and 3500 cm -1 corresponds to functional groups OH, as well as between 3200 and 3500 cm -1 . Amines and carbonyl signals may appear due to stretching vibrations of the OH bond [21] . The peak at 2900 cm -1 is attributed to possible vibrations of CH methyl, methylene and methoxy groups [22] , while the signals at 2500 correspond to alkyne groups and carboxylic acids. The peak at 1650 cm -1 is attributed to the stretching of C = O and CO [23] , as well as may indicate hydrogen vibrations that represent the stretching of C = C. On the other hand, the presence of primary, secondary and tertiary alcohols is evidenced between 1000 and 1200 cm -1 . These signals are a product of the stretching vibrations of the C-OH bond and the flexions between the planes (1225-950 cm -1 ), these are only complementary signs, since the stretches CC, CN and CO fall in the same region and appear several signals depending on the number of hydrogens. The interactions among adsorbate and carbonyl groups or surface alkenes of the bio-adsorbents could promote these events [24] . Finally, the bands at 600 cm -1 show torsional vibrations of the C-OH bond. After the adsorption of Cr (VI) and Ni (II) ions within the surface structure of the biomass, the increase in the width of the spectral bands and the slight decrease in intensity for each of the adsorption processes executed are evidenced. For both metals, this decrease is corroborated in the change in intensity at 2341 cm -1 , due to the interaction of hydrogen bonds with over-tone patterns. That indicates the presence of carboxylic acids (-COOH), by the stretching of OH, as is noted in the intensity change of the adsorption peak at 2928 cm -1 attributed to the C-H vibrations present in the biomass that would facilitate the adsorption process and the formation of metal complexes.
RESULTS AND DISCUSSION
Characterization of Bio-adsorbents
From the residual cake of yam starch (RCYS) ( Figure  2 ) before and after the adsorption of the metals studied a wide band at 3400 cm -1 is observed due to the vibrations of the OH bond [21] .
Signals produced by the C-H bond at 2950 cm -1 and 1350 cm -1 are observed too. The vibrations at 1650 cm -1 , 1400 cm -1 and 900 cm -1 are assigned to carboxylic acids. The strong signal at 1150 cm -1 refers to the carboxylate ion COO-, the peaks at 1080 and 1030 cm -1 show the presence of C-O and C-O-C respectively caused by the ester group. The medium bands at 900 and 750 cm -1 correspond to the N-H group produced by the torsion present in the amines [25] . After the adsorption of Cr (VI), a lower intensity from 3500 to 3250 cm -1 is observed due to the vibrations of the OH group and to 1030 cm -1 with the functional group C-O-C. For Ni (II) adsorption only a lower intensity at 3400 cm -1 produced by the vibrations of the OH bond is evidenced, which would indicate the possible formation of complexes with Ni (II). Figure 3 shows the FTIR of palm bagasse before and after the adsorption of the metals under study. For the unmodified palm bagasse, a pronounced peak is observed at 3330 cm -1 which refers to the hydroxyl group. The interval between 3000-2800 cm -1 is assigned to the alkanes group, at 2300 cm -1 to the carboxylic acids, 1850-1540 cm -1 to the carbonyl groups, and finally the peaks of 1233 and 1025 cm -1 corresponding to the alcohol group [25, 26] . After the adsorption, it is concluded that the hydroxyl groups, alkanes and carboxylic acids are those that participate in the retention of Cr (VI) and Ni (II) on the palm bagasse. Table 1 shows the results of the BET analysis of the bio-adsorbents. The current pore classification of the IUPAC indicates three groups according to the pore size. Micropores, diameters less than 2  10 -9 m; mesoporous, diameters between 2 nm and 50 nm, and macropores, diameters higher than 50 nm. Considering the noted above, the palm bagasse and the RCPS are mesoporous, while RCYS is macroporous [26] . It is observed that the palm bagasse has a volume of pore two times greater than the other biomaterials, and a surface area about ten times higher than that of RCYS but lower than the surface area of RCPS. These results indicate a higher adsorbent capacity of the bagasse, as they could offer a higher volume and a larger contact area between the metal ions and the biomaterial [27] . The removal of heavy metals from an aqueous solution in lignocellulosic materials is related to the presence of several functional groups on their surface (hydroxyl, carbonyl, phosphate, amino, thiol). Although their presence does not guarantee an efficient removal of metals, since this process is affected by several factors such as the number of active sites, its accessibility, chemical status and affinity for the metal, it much depends on the type of compounds and elements present. Among them, cellulose is relevant because of its chemical stability and mechanical strength [28] .
In Table 2 , the percentage of these components is shown, it is highlighted that cellulose is the component with the most significant presence. The existence of different functional groups in the structure of cellulose could promote the efficiency in the adsorption process [29] . Figure 4A shows the SEM micrographs of the RCPS, observing a uniform and cylindrical appearance. The RCYS ( Figure 4B ) exhibits a cylindrical and agglomerated structure. In the case of bagasse ( Figure 4C) shows an irregular and porous surface typical of lignocellulosic materials, this morphology is desirable to improve the adsorption process due to the availability of active porous surface sites [30] . In this same Figure, the presence of white lumps can be observed, which can be attributed to the presence of Silicon and Calcium that has palm bagasse, according to what is shown in the EDS analysis of Figure 5C . It is noteworthy that in the residues of plantain and yam starches, these two elements are not present on its surface, and there is no presence of white lumps, as seen in Figure 4 .
A.
B. The EDS analysis shown in Figure 5 revealed that the elemental composition of the bio-adsorbents is mainly carbon and oxygen, with traces of impurities in the case of the RCYS, and elements such as Cu, K, Ca, Na, K in the other biomaterials that can be attributed to the organic nature of them. The main elements in percentage of weight for the RCYS were C (65. Table 3 shows the adsorption data for Ni (II) and Cr (VI) ions. The positively charged ions (cations) present in the solution can be adsorbed to the surface of these materials by electrostatic forces, forming exchange complexes and chelates. Some metals once they form chelates or complexes can migrate more easily along the profile [31] . Also, from the laws of surface chemistry can be explained the fact that it is obtained the higher capacity of chromium than the nickel. In general, the adsorption power of different heavy metals depends on their oxidation state and of the hydrated radius of the ion. The larger and smaller the load, the less strongly they are retained in the adsorbent.
C.
Adsorption Tests
The Cr (VI) removal efficiency results shown in Table  3 are consistent, since this ion is presented in an aqueous solution in the form of chromate (CrO4 2-) or dichromate (Cr2O7 2-) ions, and easily exceeds resistance to mass transfer, and they diffuse in the adsorbent material through the porous surface. Thus, the African palm bagasse, which had the highest porous surface according to the SEM and BET analysis, is the one with the highest percentage of removal of this ion. Also, at pH 2 the surface of the adsorbent tends to protonate to a greater extent, which is why the adsorption of Cr (VI) ions is more effective [32] .
On the other hand, the Ni (II) ions behave differently from those of Cr (VI), while their adsorption percentage was lower using the three adsorbents, which could be explained due to the selectivity of the active sites by of Nickel ions [32] . It could also be due to the formation of soluble hydroxylated metal complexes understudy at pH 6, which compete with the active sites of the biomaterial surface and decrease the net concentration of Ni (II) in the solution, causing a decrease in the motive force to boosts the process of mass transfer from the solution to the adsorbent, and as a consequence, ion retention is reduced [11] . The structure of the material also influences the removal efficiency of the metal, so the residual plantain starch cake exhibits a better behavior due to its mesoporous nature and the surface area close to 4 m 2 /g [33] .
In the literature, the use of agricultural residues, such as seeds, stems and husks, has been established for the removal of metal ions present in solution [34, 35] . The contribution of this study is to use materials that, even after the physicochemical treatments to which they are subjected during agro-industrial processes such as the extraction of palm oil and plantain starch and yam, this biomass still retain their lignocellulosic properties, which makes them a good precursor as a chromium and nickel adsorbent.
CONCLUSION
Based on the results found, it is established that the bioadsorbents studied have an excellent performance in the removal of Cr (VI), all higher than 70%, highlighting the behaviour of palm bagasse due to its adsorption efficiency, greater than 90%. This fact is not the case for Ni (II), finding that none of the biomass exceeds 45% adsorption efficiency, so this biomass is recommended for use primarily for the removal of Cr (VI). Cellulose is the most relevant component of the lignocellulosic materials due to its chemical stability and chemical structure, although it has limited free hydroxyl groups since most are involved in the formation of hydrogen bonds. This fact could be related to the formation of complexes with the metal ions.
